growth rate with lower empty body weights than those either concurrently nursing the dam or weaned at 5 wk of age. Both groups had similar body weights from 6 to 8 wk of age. The body fat content of nursing pigs increased from 2 to 5 wk of age. Pigs weaned at 2 wk lost approximately 25% of their body fat the first week postweaning while later-weaned pigs did not lose body fat postweaning. Body fat composition of both groups was similar by 8 wk of age. Lipogenic activity was higher in liver than in adipose tissue from 2 to 5 wk of age and remained relatively constant throughout the trial. Adipose tissue lipogenic activity was lower in the nursing pig but increased dramatically at 5 wk in the early-weaned group and 7 wk of age in the late weaned group. These results suggest that weaning age can affect postweaning body fat composition and that adipose contributes a greater lipogenic capacity than liver tissue as the pig matures. (Key Words: Lipogenesis, Fat, Composition, Weaning, Swine.)
Introduction
Although weaning early could be of economic advantage, many swine producers have experienced postweaning problems with early-weaning practices. The growth check accompanying early weaning has been well documented Lucas, 1956, 1957a,b; Bayley and Carlson, 1970; Kornegay et al., 1974; Campbell, 1976; Okai et al., 1981) and is associated with a lowered feed intake and little or no weight gain. Pigs weaned early appear to suffer more severe postweaning effects than those weaned later, but they also appear to compensate for this early growth restriction (Leibbrandt et al., 1975; Lecce et al., 1979) . Because early-weaned pigs experience a longer postweaning growth check and frequently have both higher morbidity and mortality rates than those weaned later, 190 JOURNAL OF ANIMAL SCIENCE, Vol. 60, No. 1, 1985 management and nutritional factors influencing their postweaning responses may be more critical.
Adipose is readily mobilized in young swine (Baur and Filer, 1959; Close et a]., 1978; Whittemore et al., 1978 Whittemore et al., , 1981 LeDividich et al., 1980; Noblet and LeDividich, 1982; Seve, 1982) . Allee et al. (1971) demonstrated low lipogenesis in adipose tissue of nursing pigs with subsequent increased activity when they began consuming a cereal grain diet. Although repressed fatty acid synthesis from birth to weaning is attributed to the high fat content of maternal milk (Ballard and Hanson, 1967) , the change from a low to a high carbohydrate diet upon weaning could result in increased lipogenic activity. The relative contribution of the liver and adipose tissue to lipogenic activity may also be altered by weaning age.
The objective of this study was to investigate postweaning growth responses on body composition and its effect on fat metabolism in pigs weaned at two different ages.
Experimental Procedures
Two trials were conducted to evaluate fat metabolism in young swine weaned at 2 or 5 wk of age. Body weight, postweaning body fat composition, lipogenic capacity of the liver and adipose tissue and lipogenic marker enzyme activity were variables measured.
Exp. I. Two replicates of a randomized
complete-block design with 52 crossbred pigs were used to evaluate early growth performance. Pigs from eight litters were weighed at weekly intervals from birth to 8 wk of age. Four litters were weaned each at 2 and at 5 wk of age. The early weaned group had ad libitum access to a 20% protein diet containing corn-soybean meal-oat and 25% dried whey for the initial 3-wk postweaning period, while both groups were ad libitum provided a 20% protein cornsoybean meal-oat diet from 5 to 8 wk of age (table 1) . Nursing pigs were housed in a farrowing room where no creep was provided, whereas upon weaning (2 or 5 wk) they were housed in a complete confinement, partially-slatted concrete floor facility with a heated hover area at one end of the pen.
Exp. IL A similar experiment using the same facilities, management and diet sequences in a split-plot design used a total of 90 crossbred pigs. Five pigs were killed at parturition before nursing their dam, nine were killed each week postweaning from each treatment group to 8 wk of age. Upon slaughter by electrocution, an incision was made along the dorsal midline. Backfat thickness was measured with a Vernier caliper to the closest mm at the shoulder, midback and last rib locations. A sample of adipose tissue (< 5 g) was removed from the shoulder area and immediately placed on ice for lipogenesis studies. Within 3 min post-slaughter, a ventral incision was made and approximately 10 g of liver removed, weighed and immediately placed on ice. An additional 1 g of liver was frozen with liquid N and stored at -78 C until analyzed for ATP citrate lyase activity the following day. The gastrointestinal tract from the stomach to the rectum was removed, intestinal ingesta removed and the weights of both recorded. The empty body and intestines were combined, weighed, sealed in a plastic bag and placed in a freezer at -20 C for later body composition determinations.
At the time of grinding, each sample was weighed to determine moisture loss during storage. The frozen tissue was'sawed on a band saw to facilitate grinding (Shields et al., 1983) . Sawed pieces were ground twice through a 13-mm plate and twice through a 3-mm plate in an Autio meat grinder 7. The ground sample was mixed, subsamples placed in petri dishes, sealed with masking tape and frozen at -2 C until further analyses could be performed. Both saw and grinder were steam cleaned and dried thoroughly after processing each animal. Chemical analysis of the ground tissue was performed as outlined by Shields et al. (1983) .
The rate of lipogenesis in liver and adipose tissue was determined by acetate-114C incorporation into the total lipid component of that tissue. Weighed aliquots of liver slices, prepared using a Stadie Riggs microtome, or minces of adipose tissue were incubated in Krebs Ringer buffer containing 10 mM glucose and .5 mCi of acetate-114C for 1 h at 37 C in a Dubnoff Shaker with a 95% 02 and 5% CO2 atmosphere supplied at the rate of 6 liters/min. After incubation, lipid extraction was performed as previously described (Allred and Roehrig, 1973) . The amount of acetate incorporated was determined in duplicate by liquid scintillation.
A weighed quantity of liver stored for 24 h at -78 C was homogenized in five volumes of .3 M mannitol and centrifuged at 700 • g for 7 Autio 801. Autio Co., Astoria, OR. 10 min. The supernatant was assayed in duplicate for ATP citrate lyase activity at 30 C using a coupled fluorimetric assay (Osterlund and Bridger, 1977) with the following modifications: the final concentrations of Tris-C1 and /3-mercaptoethanol were .6 M and 30 mM, respectively. Liver protein was determined by the dye binding method of Bradford (1976) .
Orthogonal treatment comparisons were made using the least,squares method of Harvey (1960) .
Results and Discussion
Animal growth performance in Exp. I for both nursing and weanling pigs to 8 wk of age and their relative postweaning feed intakes are presented in figure 1 and table 2, respectively. The postweaning weights of pigs weaned at 2 wk were lower (P<.05) from the 2-to 4-wk period than those concurrently nursing the dam; weights of both groups being similar from 4 to 8 wk. Later-weaned pigs did not suffer the postweaning reduction in rate of gain as those weaned earlier. Relative feed intakes were lower the first week postweaning for early-as compared with later-weaned pigs but similar from 6 to 8 wk of age for both groups (table 2) apercentage of daily feed intake to live weight.
weaned group and the subsequent compensatory response is consistent with results previously reported (Lucas et al., 1959; Ewan, 1970; Graham et al., 1981) .
The effect of weaning age on weekly live, empty body (ingesta-free) and intestinal content weights of pigs in Exp. II ( similar from 6 to 8 wk of age. Live and empty body weights of pigs weaned early were lower within the 3 wk postweaning than those concurrently nursing the sow and(or) weaned later. These data are consistent with the performance data of Exp. I and agree with the results of Leibbrandt et al. (1975) that live body weights of pigs weaned at either 2 or 4 wk were similar by 6 wk of age.
Although live weight increased slightly between 2 and 3 wk for the early weaned pigs, empty body weight decreased. The reason for the decline in empty body weight is attributed to the gastrointestinal tract contents which, when subtracted from live weight, resulted in less empty body tissue.
The weekly postweaning effects of early and late weaning on percentage and absolute body fat content for Exp. II are presented in figure 2 and table 4. Weaning influenced body fat more dramatically in early-than in late-weaned pigs. In early-weaned pigs, the percentage of fat declined the first week postweaning (14.0 to 10.1%); thereafter, it remained relatively constant through 6 wk of age and then in- creased. The quantity of body fat also decreased initially postweaning (.63 to .45 kg) in the early-weaned group, increased relatively slowly until 6 wk of age and then increased at a greater rate (figure 2). Therefore, the body fat content of the 2-wk weanling group was not only substantially below that of their nursing counterparts from 3 to 5 wk of age, but remained lower, only approaching that of the late weanling group by 8 wk of age. Because the earlyweaned pig group undoubtedly used body fat as an energy source, most of their postweaning gain restriction can probably be attributed to the loss of body fat and(or) its lower accretion rate. Other unpublished data from this study do not demonstrate a loss but accretion in the body protein component of both weanling groups.
In contrast to the early weanling group, pigs weaned at 5 wk of age had an increased fat deposition each week postweaning while percentage fat remained relatively constant. Thus, weaning appeared to have a lesser effect on body fat reservoirs in later weaned pigs. Although Baur and Filer (1959) , Whittemore et al. (1978) and LeDividich et al. (1980) have all previously suggested that body fat reserves appear to be easily mobilized during the postweaning period, these results suggest that weaning age can affect postweaning body fat composition.
The influence of weaning age on the mobilization of body fat was also demonstrated from the backfat thickness measurements presented in table 5. Backfat thickness increased at each measured site as nursing progressed, with a greater deposition occurring over the shoulder region. In the early-weaned group, fat over the shoulder region declined more than 50% during the first week postweaning, followed by a gradual increase through 8 wk of age. Fat over the midback location showed the same general trends as the shoulder but with less magnitude of change, whereas the last rib values remained relatively constant from 2 to 8 wk of age. In the later-weaned group, backfat thickness at aU sites appeared to be influenced less during the postweaning period, with all values gradually increasing with age.
A small curvilinear decrease in total body fat (figure 2)and hackfat thickness from the midback and last rib region occurred from 4 to 5 wk of age while pigs were nursing the sow. Because supplemental creep feed was not provided to these pigs, it is possible that sow milk production may have been insufficient to maintain pig adipose tissue accretion, with body fat reservoirs being used by these pigs as an energy source. This was followed by a postweaning decline in fat thickness in the midback and last rib region in the later weaned group upon weaning while shoulder fat increased. By 8 wk of age there was no significant difference in backfat thickness between the two weaning groups. A general priority of fat deposition and(or) utilization from anterior to posterior was implied by the trend of higher backfat thickness obtained from the shoulder to the last rib. Mersmann (1984) also noted differences in adipose tissue development at different sites. Any measure of total body fat or fat in particular depots reflects both synthesis and degradation. In order to estimate the effect of early weaning on fat synthesis capacity, liver slices and adipose tissue minces were incubated with a trace amount of labeled acetate to determine the amount of label incorporation by these tissue. The data presented in tables 6 and 7 for liver and adipose tissue, respectively, indicate that liver lipogenesis was not affected by animal feeding status: nursing, early-or late-weaned pigs apparently all had the same liver lipogenic capacity. However, from 2 to 5 wk of age, lipogenic capacity of liver was higher than that for adipose tissue, except for the early-weaned group, which had a higher activity at 5 wk. Because only trace amounts of labeled acetate were used, it was assumed that the endogenous pool size was relatively constant. Although pool size probably varied somewhat by treatment groups, the pattern of lipogenesis in liver and adipose tissue (table 6, 7) is fairly consistent with the total body fat accretion pattern (figure 2). Kraser et al. (1983) reported higher rates of lipogenesis in liver than in adipose tissue in fetal pigs.
Adipose tissue lipogenesis did not increase in the nursing pig, consistent with the results of Allee et al. (1971) . There was an indication, however, that adipose lipogenesis may have been somewhat higher within 3 wk postweaning (i.e., 5 wk of age) for the earlier-weaned group and within 2 wk postweaning (i.e., 7 wk of age) for the later-weaned group.
Because ATP citrate lyase is generally considered to be a good marker for lipogenic activity with its activity closely paralleling lipogenesis in a number of species including the pig (Allee et al., 1971) , its activity was measured. This enzyme cleaves citrate, yielding acetyl CoA as a product, thus providing substrate for lipogenesis in nonruminants (Srere, 1972) . There appeared to be an increased activity of the enzyme at 8 wk of age, independent of weaning age (table 8). The activity of liver ATP citrate lyase in the 8-wk-old animals was in the same range as that reported for older animals (O'Hea and Leveille, 1969) . Enzyme activity was lower in nursing pigs, which is expected because sow's milk contains considerable fat (Wolfe et al., 1978) , known to depress lipogenesis (Allee et al., 1971; Spence et al., 1979) . Because ATP citrate lyase is not generally considered to be the rate-limiting enzyme for lipogenesis (Kornacker and Lowenstein, 1965) , its activity could presumably fluctuate above some minimum value without causing an increase in lipogenesis. These results suggest, however, that lipogenic activity of The lipogenesis results of this experiment suggest that liver is the major lipogenic site in the young pig, with activity remaining relatively constant at least to 8 wk of age. Lipogenesis in adipose tissue is apparently not the principal site of fat synthesis until sow milk is eliminated from the diet, whereupon adipocyte lipogenic capacity increases dramatically. Weaning age may have some overriding effect on this response, but appears to be delayed more with early-weaned pigs. Under dietary energy restrictions, which frequently occur during early weaning, body fat is mobilized as a metabolic energy source. A decline in backfat thickness over the shoulder region suggests an anterior to posterior priority of catabolism of subcutaneous fat depots. The reduction in backfat thickness and body fat content of early-weaned swine emphasizes the practical importance of maintaining optimal nursery temperatures for younger animals whose thermal insulatory capacity may be lessened upon weaning.
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